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BTTEODrCTICW 


Alkali  diseass  was  desorioeo.  i  cc-':ratel;>'  in  I860  at  an  army  post, 
in  South  Dakota  (22)  but  it  has  been  only  in  the  last  15  years  that 
selenium  poisoning:  was  shov^n  to  be  the  cause  of  alkali  disease.  Although 
Moxon  and  Rhian  (22)   list  195  references  pertaining  tc  seleniujn  poisoning, 
much  remains  to  be  done  to  coordinate  these  references  and  select  those 
applicable  to  far-m  ar.d  r?nch  planning.     Most  of  the  T-ork  has  beer,  dene 
outside  Fegion  6  in  South  Dakota  and  T.yoming.     In  this  review  of  the 
literature,  the  writer  has  selected  those  articles  7/hich  appear  to  be 
of  greatest  value  in  an  action  program  in  Region  6,  especially  in  soil 
conservation  surveys. 

Selenium  poisoning  is  an  important  problem  on  large  areas  of 
range  land  in  all  of  the  states  in  this  region.     The  follovdng  discussion 
vrill  include  hov-  tc  recognize  selenium  poisoninr  in  li"^  stccV,  the 
counties  in  all  four  states  in  which  selenif^rous  geologicel  fcrv^iaticns 
have  been . reported,  availability  of  selenium  in  soils,  primary  selenium 
indicator  plants  b^'-  states,  the  location  of  specific  seleniferous  areas 
by  soil  analyses  and  analyses  of  the  vegetation,  and  the  application  of 
remedial  measures. 

SELF^IUi:  FOlSannG  IN  LI\^STCCK      ■  '  • 


Blind  staggers  is  caused  by  the  ccnsumoticn  of  small  quantities 
of  highly  seleniferous  range  plants  vhich  are  usually-  associated  v?ith 
selenium  converter  plants  (22"i,    Alkali  disease  is  caused  by  the  con- 
sumption of  vegetation,  grain  and  forage  containing  up  to  approximately 
25  p. p.m.  of  selenium,  for  several  days  or  weeks.     The  follcvving  m.aterial 
pertaining  to  alkali  disease  and  its  acute  form,  blind  staggers,  has 
been  summarized  from  Draize  and  Beath  (11)  v;ho  performed  100  autopsies 
on  cattle  and  sheep,  end  from  Moxon  and  R.hian  (22). 
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Blind  Staggers 

External  pathology 

Early  stages:     slight  impairment 
of  vision;  difficulty  in  judging 
distance  of  objects. 

Intermediate  stages:  Blindness 
pronounced,  greater  tendency  to 
vjander. 

Final  stages:    Various  degrees 
of  paralysis;  abdominal  pain;  loss 
of  appetite;  death  results  from 
failure  of  respiration.     In  a  few 
cases,  blindness  does  not  occur 
and  the  animals  do  not  stagger. 
In  some  cases  animals  recover  but 
the  coat  is  rough  and  off -color. 

Internal  pathology 

In  blind  staggers  the  hearts 
and  livers  rapidly  become  per- 
manently injured.     Petechial  hem- 
orrhages on  the  epicardium  of  the 
heart  are  common;  inflammatory 
process  invades  myocardium.  Liver 
is  acutely  congested  and  many 
areas  of  focal  necrosis  occurs. 
Cirrhosis  of  liver  not  prevalent. 
The  liver  is  the  first  organ  to 
become  permanently  injured.  Atony 
of  smooth  muscles  is  sev-.re  es- 
pecially in  the  gastr o-intestinal 
tract,  gall  bladder  and  bladder, 
The  gall  bladder  m.ay  be  enlarged 
to  tYvdce  its  normal  size.  There 
is  a  stasis  of  food  materials  in 
the  rumen  and  omasun  especially 
in  ¥ri.nter  cases.     There  is  con- 
gestion in  the  medulla  of  the 
kidney.     Srosion  of  the  long  bones 
especially  the  tibia  is  fourd  in 
tY."o-thirds  of  the  cases.  High 
incidence  of  anemia  in  both  alkali 
disease  and  blind  staggers. 


Alkali  Disease 


Vision  is  not  im_paired  and 
animals  do  not  -we-Aer  aimlessly. 
Dullress,  lack  of  vitality, 
stiffness  and  lameness  and 
emaciatior  are  characteristic. 
Loss  of  long  hair  from  switch  in 
cattle  and  from  m.ane  and  tail  of 
horses  and  mules  are  accompanied 
or  followed  by  lameness.  Hocfs 
develop  abnormally  and  become 
long,  crooked,  cracked.     Coat  is 
rough  ard  off -color,     Tn  extreme 
cases  death  may  result  from 
starvation  and  thirst  owing  to 
restricted  movement. 


Lesions  of  alkali  dise.ase  are 
more  chronic  in  nature.  The 
severest  injury  is  noted  in  the 
heart  and  liver.     ;in  advanced 
cases  the  heart  is  invariably 
atrophied.     The  liver,  often 
atrophied  is  cirrhotic.  Lesions 
in  the  gastro-intestinal  tract 
are  of  the  same  general  character 
as  observed  in  blind  staggers. 
The  gall  bladder  is  rarely  en- 
larged.    The  lijngc  are  congested 
as  in  blind  staggers.  Kidney 
injury  is  more  severe  in  alkali 
especially  in  sheep;  the  medulla 
in  advanced  cases  being  hem- 
orrhagic.    Erosion  of  the  ends 
of  the  long  bones  are  prevalent. 


There  is  occasionallj^  a  delayed  action  that  is  particularly 
noticeable  in  those  cattle  and  sheep  that  have  grazed  seleniferous 
vetches  (3)'     Several  months  may  elapse  before  an  animal  gives     an  indi- 
cation of  sickness.     The  pathology  of  cases  of    sudden  crack -up  points 
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to  causes  that  h  .ve  beer  slow  in  action  ovt  eve:  tually  became  vitally 
destructive.     The  animals  do  not  show  outv/ard  si^ns  of  malnutrition. 

GEOLJGICAL  OCCUF:F  EH^^Ci  ^L^iD  DIS  miBT^TIOP  OF  SELST'ITM 


Tliree   :;heoiies  are  oTfered  by  Lakin  and  Pyers  (16)  as  tc  the 
sporadic  and  variable  concsr'trations  of  selenium;     (a)  The  .precipitation 
of  selenium   "rom  volcanic  eruptions  by  rain;   (b)  the  deposition  of 
selenium  carried  by  rivers  into  salt  waber  and  its  accumulation  especially 
in  fine  clays  and  chalk  deposits;   (c)  the  leachin?::  o.l  selenium  from 
igneous  nagiua,  and  its  accumulation  and  deposition  through  the  agency  of 
plants  of  the  inc'leator  types,     ."  oxon,  Olson  and  Searight  (21)  su'^gest 
that  areas  of  Cretaceous  sea  bottom  on  v.hich  orpanic  m.atter  v!a.s  accuru- 
latinf.  in  unusual  amounts  were  the  sites  of  greater  chemical  reduction 
than    elsewhere  and  that  as  a  result  gr-ister  amounts  of  calcium  carbonate, 
sulphide  and  selenium  vrere  deposited.     They  also  conclude  that  s^slenium 
is  not  deposited  in  large  amounts  in  sandy  for..iations .     Byers,  et  al  (10) 
state  that  in  the  examination  of  seveial  h'jndred  samples  of  sulphide  ores 
for  selenium,  no  case  has  b^en  found  in  vhich  selenium  is  vholly  absent. 
Knight  and  Bcath  (17)  discuss  12  scurccs  of  selenium  csviing  m.&teiials: 
rocks  or  A  their  residual  soils,   lim.onitic  concretions,  iron  pyrites  and 
marcEsite,  deep  well  cores,  carbonaceous  shales  and  carbon  seams,  buried 
all:oli  bids,   impure  tertonite,   Jarosite,   lignite  beds,  phosphate  rock, 
ferruginous  sandstones  and  limey  sandstones. 

Formations  reported  to  contain  one  or  more  parts  per  million  of 
selenium  are  listed  by  states  in  T'Sble  1.     The  largest  number'  of  seleni- 
ferous  formations  were  laid  down  in  the  Cretaceous  period.     In  this 
period  the  Pierre,  Niobrara,  Mancos  and  Greenhorn  formations  are  v:idely 
selenif er ous ;  however,  the  amount  of  selenium  contained  by  the  various 
members  within  these  forraations  is  variable.     In  New  Lexico  and  Arizona, 
selenium  has  been  found  occasionally  in  Quarternary  deposits.     One  or 
more  Tertiary  formations  have  been  reported  seleniferous  in  all  four 
states  although  most  Tertiaiy  formations  are  not  seler ifercus .  The 
Morrison  form.ation  of  Jurassic  period  is  highly  seleniferous  in  Colorado 
and  Utah.     The  T.Joenkopi  formation  of  the  Triassic  period  is  seleniferous 
in  Arizona  and  Utah,     The  oldest  rocks  reported  to  be  selenifer  oi-'.s  are 
of  late  Mississippian  period  or  early  per nsylvanian  period  in  Provo 
Canyon,  Utah  (5)« 

In  Arizona,  Utah,  Colorado  and  Few  Mexico,   shales  are  by  far  the 
most  common  seleniferous  rock.     Counties  in  the  region  containing  toxic 
selc-r iferous  areas  are  indicated  by  reference  n-umbers  to  the  literature 
cited,  map,  page  5o    Among  the  m.ost  extensive  areas  of  laiown  sel-^ni- 
ferous  formations  are  the  Niobrara^  Pierre,  and  Greenhorn  which  cover 
2000,   1100,  and  300  square  miles  rc-snectively  in  eastern  Colorado  (10). 
In  northeastern  New  Mexico  an  area  of  600  square  miles  is  seleniferous 
and  is  underlain -by  Pierre,  Niobrara  and  Greenhorn  formations  (10). 
Extensive  areas  of  Mancos  shales  in  v;estern  Colorado  a^^d  eastern  Utah 
are  seleniferous  (1,   6,   7,  8,  9),     The  Moenkopi  formation  is  seleniferous 
over  large  areas  of  Arizona  and  southern  Utah  (6,  ?)• 
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Table  1,  -  Geological  formations  ccit: 
of  seleDium  by  states.  Th 
to  the  literature  cited, 

Arizona 


Quarternary 
Caliche  (6) 

Tertiary 

Alluvium  (6) 
Verde  ("5,6,7) 

Triassic 

Moenkopi  (6,7) 


Colorado 


Tertiary 

Yfesatch  (6,7) 

Cretaceous 
Lewis  (6) 
Mesa  Verde  (7) 
IvIcDermott  (  6) 
Yuilliams  Fork  (7) 
Mancos  (1,6,7,8,9) 
Niobrara  (6,7,8,10,18) 
Pierre  (6,7,8,10) 
Carlile  (10) 
Greenhorn  (10) 
Benton  f6, 10) 
?  Bentonite  (6) 

Jura  s  s  i  c 

Morrison  (6, 7,10) 
Telluride  ore  (8) 
Vanadium  ore  (8) 
Sulphur  (8) 


Iming  one  or  more  parts  per  million 
1  nu^nbers  within  the  brackets  refer 


Utah 


Tertiary 

Green  Fiver  ( 6) 

Cretaceous 

Mancos  (6,7,8) 
Dakota  (j) 
?  Lead  concentrate  (8) 

Jura  s  s  i  c 

Morrison  (1,7) 

Triassic 

Moenkopi  (6,7) 

Fississippian  (5) 

Few  Mexico 


Quartemary 

Alluvium  (6) 

Tertiary 

Igneous  (6) 
Santa  Fe  (7) 
?(asatch  (7) 

Cretaceous 

.    McDermott  (7) 
Mesa  Verde  { t) 
Mancos  (7) 
Tv^iobrara   '  10  1^) 
Pierre  (6,  7, --0,19) 
Carlile  flO) 
Greenhorn  (10) 
?  Copoer  concentrate  (3) 

Triassic 

Dockum  (6) 


penn  s  ylvanian 
Paradox  (1) 


U  S  DEPARTMENT  OF  AGRICULTURE 


SOIL  CONSERVATION  SERVICE 


COUNTIES 
CONTAINING 
TOXIC  SELENIFEROUS  AREAS 

SOUTHWEST  REGION 

ALBUQUERQUE,  NEW  MEXICO 

50  0  50  100  ISO  200 


Note;  Counties  known  to  contain  toxic  seleniferous  areas  are 
indicated  by  figures  on  mop-  Ttie  figures  refer  to  literature 
listed  on  pages  20,21  and  22  in  ttie  bulletin  on  Selenium 
Poisoning^  by  C.  H.  Diebold,  Region  Six,  Soil  Conservotion 
Service,  Albuquerque,  New  Mexico,  1945. 


Scole  in  Miles 
April  1945 


SOUTHWEST  REGION 


SOIL  CONSERVATION  SERVICE.  WASHINGTON,  D.  C 
I306    MAY  1945 
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s::l57"iuiv;  if  so:^l3 


Water  soluble:     Seleniam  as  calcium  selenete,  sodi'om  selenate, 
and  in  the  organic  form  from  green  plants  is  soluble  in  water,  n'ater 
soa.uble  selenium  is  readily  absorbed  by  cereal  plants.  Table  2  (21), 
In  this  study  of  cereals  2  p. p.m.  of  the  various  forms  of  selenium- 
■were  added  to  a  non-seleniferous  soil.     However,   in  the  case  of  the 
range  plants  Aotragal'i.s  raceir.osus  and  Stanleya.  bipinr.ata  10  o.p.m.  of 
selenium  vrere  added  to  the  coil. 


Table  2.   -  Availability  of  Li^ferent  i^'^orms  of  Seleniu-r. 


Se lenium 

content 

Xp.  p.m. ) 

cf  plants 

grcw-n  m 

soil 

cents  in  in 

:S  Se  in 

form  of; 

Crop 

ra23e0^ 

CaSeC|_^ 

Fap 

Fe(0^nl 

FeSs 

Se  Cr?:an- 

Grov.n 

SeOj 

ic2 

p, p .m. 

p.p.F  . 

"i1  "i^ 

D .  p .  m . 

p .  p.m. 

p .  p .  m ,  p .  p ,  m . 

Corn 

269.0 

lost 

~~f).0" 

■  l.'E'  ' 

0.0 

0.0 

Corn? 

Qh.O 

125,0 

6.0 

3.6 

2.0 

0,0 

Barley 

.  92.3 

197.6 

10. L 

10.0  .  ,. 

..  CO 

,0,0  180.0 

V'iheat    ■  ■ 

50I4.O  . 

Uoo.o 

12.0 

2,8 

Astragalus 

racemosus 

2357.0  - 

2717.0 

;  .650.0 

726.0 

.5.0  . 

Stanleya 

bipinnata 

1I29.O 

573.0 

625,0 

15.2 

"1,0 

1  Exact  formula  not  known,  ■  • 

2  l/W+-er  extract  of  Astragalus  racemosus. 

3  Second  crop.  . .  ■    .  , 


Olson  and  Moxon  (25)  state  that  the  .availability  of  seleniujn  in 
soils  appears  to  be  dependent,  upon  or  correlated  with  the  smount.of 
organic  selenium  in  the  soil.  Tables  3  &nd       -      •  ■-. 


Table  3.  ~  Amounts  of  Various  Forir.s  of  Selerium  in  the  Soils  and  the 
Relation  to  Selenium  Content  of  Plants-  Grov.n  on  Them, 


Soil 
No. 


1 
2 

3 
h 

3 
6 


Humus 


11.5 
11.3 
12.7 

12.7 
10,7 
ij.O- 


Tota: 
Se 


p.  p.m. 

L.8' 
5.7 
1.7 

3*8- 
6.0 
L.2 


Organic 
-  •  Se 


P.m. 

2,-1 

1  .•7 
Q.li2 

1.U6 

1.55 

0,L^ 


Acid-r 

soluble 
se  ler  ium. 


p.  p.m. 

0.33 
0.153 

0.1:99 

0.06.7 

0.100 
0.078 


l^ater 
soluble 
se  ler.iura 

p.  y-.m, 

:  0.05 

0.026 

Tra  ce 
■c  0.026 
^  0.026 " 

.  0,026 


Average  Se 
Content  of 
10  crops 
(dry  basis) 


p.  p.m. 

27. 3-'^ 
12.075 

0,15 
Q.65 

3.205 

2,552 
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Table  h.  -  Selenium  Contert  of  the  Various  Crops  on  Each  Soil, 
  p. P.m.  dry  yreight 


Soil 

r«heat 

7k  he  at 

Corn 

Corn 

Barley/ 

Barley 

Oats 

Oats  ghum 

Mustai 

Fo. 

lA 

IB 

lA 

IB 

lA 

IC 

lA 

ID  IB 

1 

35.0 

28 . 6 

16.3 

9.U 

28.0 

13.8 

23.0 

29.78  h.Q 

85.0 

2 

15.0 

6.5 

5.6 

L.o 

20.0 

7.1 

15.0 

9.25  ii.3 

3U.0 

3 

0 

0 

C 

0 

0 

1.2 

0 

0.3  1.0 

0 

h 

0 

0 

0 

0 

3.7 

0 

0 

0.2  0 

2.6 

5 

5.0 

0 

1.1 

0 

8,0 

0 

6.0 

2.u5  0.5 

-.0 

6 

3.5 

Q 

3.^ 

0.6 

9.0 

0 

L.o 

2.I42  0 

2.6 

Byers  et  al.  (lO)  reported  that  soils  containing  water  soluble 
selenium  m.ay  have  it  present  in  the  form,  of  selenates  ard  in  the  samples 
examined  as  calcium  selenate.     They  also  reported  that  t-.e  water  soluble 
selenium  ccmpound  in  green  plants  probably  contained  one  or  more  seleni- 
ferous  amino  acids.    A  part  of  the  organic  selenium  may  be  volatilized 
as  is  indicated  by  the  exceedingly  noxious  odor  from  decaying  plants 
T/^ich  have  a  high  selenium  contejit.  • 

Beath,  Eppson  and  Gilbert  (h)   found  that  nearly  all  of  the  selenium 
compounds  in  Xylbrhizza  parryi,  the  Astragali,  the  Stanleyas  and  species 
of  Oonopsis  could  be  leached  by  ■A'ater  at  room  temperature.     They  eon- 
cluded  that  the  seleniiim  is  largely  in  organic  form  since  fresh  aqueous 
extracts  do  not  respond  in  any  marked  degree  to  the  usual  inorganic 
precipitants .     The  roots  of  many  seleniferous  range  plants  are  high  in 
water  soluble  seleniijim  compounds.     More  thar  50  percent  of  the  selenium 
in  Wheatland  wheat  gTass  hay  could  be  recovered  in'aquepus  extracts. 
Based  on  available  data  it  appears  that  roots,   stubble  and  miscellaneous 
vegetation  left  in  cropped  fields  are  a  potential  and  continuous  source 
of  selenium  for  succeeding  crops. 

TTon-water  soluble  selenium:     A  studv  of  Table  2  shows  that  the 
cereal  crops  absorbed  little  or  no  selenium  when  it  was  in  the  soil  as 
either  elemental  selenium  or  pyritic  selenium.     Sod/.um  selenite  and' 
ferric  selenite  were  absorbed  in  small  quantities  by  csreals  (21). 
Byers  et  al.  ( lo)  and  Ysiilliams  et  al ,  (27)  pointed  out  that  basic  ferric 
selenite  was  very  insoluble.     The  latter  demonstrated  that  sodium 
selenite  is  essen'tiairy' insolubl-e  in  highly  ferruginous  -s-oiLs..  \ 

¥jorkers  in  both  Wyoming  and  South  Dfkota  have  shown  that  non- 
water  soluble  selenium  can  be  absorbed  by  the  primary  selenium  indicator 
cjr  ^converter  plants  (17,21).     For  example.  Astragalus  racemosus  and 
Stanleya  bipinnata  absorbed  over  6OO  p. p.m.  from  basic  f-rric  selenite 
whereas  com  absorbed  less  than  h  p.p.m.   (Table  2).     Kni^t  and  Beath  (17) 
changed  non-toxic  seleniferous  Steele  shale  to  a  toxic  condition  in  less 
than' 5  years  by  grov:ing  from  seeds  seme  of  the  native  seleniferous  weeds 
such  as  Astragalus  and  Oonopsis.     Tliey  also  report  that  pative  grasses 
(mostly  blue  stem  wheatgrass)  growinlg  close  to.  a  clump  of  Astragalus 
bisulcatus  contained  70  p.p.m.  of  selenium.     The  same  species  some  dis- 
tance away  contained  only  11  p.p.m,  of  selenium. 


Accumulation  ox''  Selenium 


Byers  (8)  reported  a  number  of  selenium  ans lyres  for  the  Boyd 
series  from  South  Da':'->ta,     He  concluded  tnat  t?.ere  appears  to  be 
evidence  of  a  tendenc;-  to'ward  accumulation  of  selenium  at  the  surface 
and  also  at  some  point  in  the  profile  bvt  any  definite  accurmlation 
carrot  be  asserted.     Byers  et  al.   (10)   concluded  from,  a  study  of 
selenium  data  for  20  soil  profiles  from  eastern  Color- do  that  uniform 
variation  with  depth  does  not  exist.     The  selenium,  content  of  the  soil 
profiles  studied  vra  s  less  "-/nan  5  o.p.m.  in  all  but  2  cases. 

The  necessity  of  sampling  the  root  zone  for  selenium  is  shovm.  in 
Table  5  (26).     Samples  of  the  surface  soil  only  are  inadequate. 

Table  5»  -  relation  of  Soluble  Selenium  in  Soils  to  Selenium  in 
Vegetation 

Location        Total  Se  Content  Soluble  Se  Contert        Ss  Content  of 


Number 

( 

'j£  Soils 

of  Soils 

A.  smithi 

p .  p .  u . 

p , p .m. 

p.p»m» 

6 

Ist 

foot 

2.7 

1st 

foot 

0.12 

18 

2nd 

foot 

5.5 

2r:d 

foot 

2.76 

3rd 

foot 

11.5 

3rd 

foot 

0.58 

7 

1st 

foot 

U.5 

1st 

foot 

0.1;3 

79 

2nd 

foot 

15.8 

2nd 

foot 

5. CO 

3rd 

foot 

29.0 

3rd 

foot 

10.85 

8 

1st 

foot 

3.0 

1st 

foot 

l.ij5 

8 

2nd 

foot 

1.'.5  • 

2nd 

foot 

0.i;8 

5rd 

foot 

11.5 

3rd 

foot 

2.66 

lU 

1st 

foot 

u.u 

1st 

foot 

0.91 

•  .35  ■ 

2nd 

foot 

28. Ii 

2nd 

foot 

17.60 

^rd 

foot 

38. Ij 

3rd 

foot 

IF  00 

21 

1st 

foot 

h^h 

1st 

foot 

o.cs 

2 

2nd 

foot 

L.8- 

2nd 

foot 

0.10 

3rd 

foot 

6.i| 

3rd 

foot 

0.12 

1st 

foot 

5.9 

1st 

foot 

0.11 

2 

2nd 

foot 

J4.6 

2nd 

foot 

.0.05 

3rd 

foot 

6.0 

3rd 

foot 

0.11 

For  example,  Agropyron  smithii  contained  79  p. p.m.  of  seleriujn  v.hen  the 
soluble  selenium  of  the  surface  was  0.ii3  p. p.m.     The  soluble  seleniiOTi 
contents  of  the  second    and  third  foot  of  this  soil  v;ere  ^,00  and  10.85 
p. p.m.     The  authors  conclude  that  the  subsii.rface  soil  is  the  more 


impc-rtant  source  of  available 
•where  the  surface  soil  is  the 


selsniuji  although  there  may  be  many  cases 
source . 


Estimates  based- on  the  selenium  content  of  unv-eathered  sections 
of  the  Interior  inember  of  the  Pierre  fcrmation  in  South  Dakota  and  the 
residual  soil  indicate  that  the  loss  of  selenium  during  the  soil  fonning 
process  varies  from  60  to  85  percent  (21).     In  semi-arid  aieas  a  large 
part  of  the  selenium  is  oxidized  to  the  selenate  form  (26).    In  this 
form,  it  is  leached  from  the  surface  to  the  subsurface  soil  or  removed:- 
by  runoff  v;aters.     In  irrigated  areas  in  southeastern  and  western 
Colorado  ('^,10)  important  quantities  of  selenium  ari;  leached  out  of 
the  soil  by  irrigation  water.     Drainage  v.rater  from  such  e.reas  contains 
appreciable  quantities  of  selenium. 

Availability  of  selenium 

The  concentration  of  soluble  salts  is  not  consistently  related 
to  the  availability  of  selenium  (l).     For  example.,  on  a  soil  near  pi^radcx, 
Colorado  which  vjas  high  in-  sulphates.  Astragalus  pattersonii  contained 
800  p.p.jn..  of  selenium  although  the  soil  contained  only  1  p.p.m.  In 
contrast  the  sam.e  species  of  -.stragalus  on  Mancos  shale,  vhich  contained 
fromi  3  "to  li  times  as  much  soil  selenium  but  less  than  1  percent  total 
salts,  was  found  to  contain  appreciably  less  selenium  than  was  obtained 
on  the  Paradox  formation. 

Hurd-Karrer  (iL)  concluded  from  greenhouse  studies  that  the 
tendency  for  a  crop  to  absorb  selenium  was  inversely  related  to  its 
teriency  to  absorb  sulphur.     Sodiuju  selenate  was  used  as  the  source  of 
s-lenium.     Gile  and  Lakin  (13^  found  that  the  toxicity  cf  the  selenite 
ion  is  not  affected  by  the  sulfate  supply,   provided  sufficient  sulfate 
is  available  for  maximum  grovjth,  v^^ereas  sodium  selenate  toxicity  was 
m.aterially  lessened  by  increasing  the  sulfate  supply.      Eysrs  (9)  con- 
cluded from  extensive  soil  profile  analyses  that  v.iiere  the  sulphur- 
selenium  ratio  is  high,  the  selenium  content  cf  comparable  plant  samples 
is  low,  and  conversely,  v.hen  the  sulphur-seleni^jm  ratio  is  low,  the 
selenium  content  is  high.     This  relation,  however,  is  ncz  consistent. 
It  seems  clear  therefore     that  factors  ether     "chan  the  quantity  of 
selenium  and  variati.on  of  sulphur-selenium  ratios  affect  the  absorption 
■by  a  given  plant  spe.cies. 

Eeath,  Eppson.  and  Gilbert  (h)  reported  that  sulphur  and  soluble 
sulphates  did  not  inhibit  the  absorption  of  selenium  by  v;heat  on  Morrison 
shale.     The  source  of  the  selenium  was  organic.  Astragalus  bisulcatus. 
Franke  and  Painter  (12)  applied  sulphur  and  gypsum  to  a  12  acre  field 
(dry  farming)  in  South  Dakota  v.hich  has  pr  educed 'seleniferous  crops  for 
the  previous  2h  years.     Feeding  experiments  vdth  v^nite  rats  indicated 
that  the  sulphur  had  failed  to    reduce  toxicity  of  com.     A  study  of 
their  data  shows  that    previous  crops  of  both  corn  and  wheat  contained 
larger  quantities  of  selenium  than  were  found  during  the  experiment. 
The  authors  attribute  this  lov^er  rate  of  absorption  to  years  of  abnor- 
mally low  rainfall  during  the  experiment.     In  the  soils  s-cudied  the 
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ratios  of  sulohur  to  seleni'Jin  vrer  -  from  lU3  to  1^89  which  greatly  exceeds 
the  ratio  of  50  reported  by  Byors  to  prevent  a  dargerously  high  Sfclenium 
content  in  plants. 

The  writer  concludes  from  these  studies  th&t  sulphur  and  gyps\jm 
would  not  pay  the  cost  of  application  on  western  soils  since  the 
selenium  is  derived  in  part  from,  organic  sources. 

Gile  and  Lakin  (13)  studying  soils  largely  of  eastern  and 
southern  origin  in  a   rreenhouse  concluded  that  soil  colloids  have  no 
effect  in  reducing  the  toxicity  of  sodium  selenate  for  millet.  In 
contrast,  soil  colloids  have  a  marked  effect  on  the  availability  cf 
sodium  selen:te. 

Both  Beath  (7)  and  Byers  (9)  con':''uded  that  v/ater  from  v/ells 
and  springs  is  Ic^^  ir.  seleirium  an  '  seldom'  contains  sufficient  quantity 
of  selenium  to  cause  injury.     Drainage  water  from  certain  irrigated 
areas  in  Colorado  would  probably  oroduce  sericus  poisoning  but  the 
water  is  essentially  nonpotable  (9)» 

FACTCF3  AFFECTOTG  TT-'E  AMOWT  0"^"'  S^LT^Hm^  IF  PLtFTS 


Species • 


There  is  general  agreement  that  species  of  plants  may  be  grouped 
in  relation  to  their  tolerance  cf  selenium  (5,  6,  7j   10,   19) •  The 
first  group  consists  of  primary  selenium  indicator  olants  v\fhich  are 
universally  seleniferous  in  their  annual  cycle  of  grcv/th.     Beath,  Gil- 
bert and  ICppson  (5)   list  32  species  as  primary  selenium  indicator 
plants  which  occur  in     one   or  more  of  12  western  states „  Several 
additional  species  are  listed  in  (6)  and  (7). 

Since  the  range  of  ohese  indicator  plants  may  be  limited,  the 
writer  has  listed  the  species  vdiich  occur  in  Arizona,  Colorado,  New 
J.'iexico  and  Utah  (Table  6).    A  study  of  this  table  shows  that  certain 
species  of  Astragalus  (vetch  or  loco)  are  the  m.ost  numerous  seleni- 
ferous plants  in  all  four  states,     Beath,  Gilbert  and  Eppson  6,  7) 
have  shown  that  these  seleniferous  Astragali  belong  to  but  6  of  the 
29  groups  of  Astragali  described  by  Jones  (15)-     His  classification  of 
Astragali  was  based  on  genetic  characteristics.     The  next  most  impor- 
tant seleniferous  genus  appears     to  be  Stanleya  "vhi ch  is  a  mustard. 
In  Colorado  and  Utah  some  species  of  Oonopsis  and  Xlj'crrhiza  occur  and 
they  are  seleniferous.     Both  genera  are  m.embers  of  the  Gompositae  and 
the  latter  is  laaown  as  woody  aster. 

It  has  been  long  knovm  that  many  of  the  Astragali  are  markedly 
odoriferous.     It  is  believed  that  every  sample  of  Astragalus  having 
the  characteristic  odor  is  seleniferous  (5)«     This  odorif^^-  ous  prin- 
ciple is  not  only  a  fairly  accurate  qualitative  indication  of  selenium 
but  also  an  indication  as  to  v;hether  the  specimen  is  moderately  or 
highly  selenized. 
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Table  6.  -  Distribution  of  Primary 
  Numbers  After  Species  1" 

Arizona 


Selenium  Indicetor  Plants  by  States, 
efers  to  Literature  Cited,* 


Astragalus  haydenianus 

A.  confertif lorus  (6) 

A,  preussi  (7) 

A.  preussi  -var.  latus 

A.  patter sonii 

A.  moencoppensis  (7) 

A.  praelongus  {^,(:,^) 

A.  sabulosus  (5*^) 

A.  beathii  (7) 

A.  limatus 

A.  argillosus  (7) 

A.  asclepiadcides 

Stanleya  pinnata  ( ^>  7) 
S.  albescens  (7) 

Colorado 

Astragalus  haj-deniarus  (6,7) 
A.  oocalysis  (A.  urceolatus  6) 
Ao  bisulcatus  (6,6,10) 
Ao  racemosus  (6,10) 
A.   csterhoutii  (7) 
Ao  flavus 

A.  confertif  lorus-  (6,7) 
A^  pectinatus  (6) 
ko  pattersonii  (6,7) 
A«  praelongus 
Ao  sabulosus 
A.  eastwoodae 

Stanleya  pinnata  (6,8,10,19)  ' 

So  bipinnata 

S.  integrifolia  (6,7) 

S.  albescens 

Oonopsis  foliosa  ( 6, 10-Aplopappus 

fremontii) 

0.  engelmanni  (6) 


Ast 
A. 
A. 
A. 
A. 

L. 

f 

J.^  m 

L. 
A. 


TSTew  Tiexico 

ragalus  heydenianus  (6,7) 
oocalysis  (7) 
bisulcatus  (6,7,19) 
racemosus  (6,7,10,19). 
flavus 

confertif  lorus  (6) 
pectin? tus  (19) 
preussi  v^r,  latus  (5) 
pattersonii  (6,7) 
praelongus  (6,7) 
sabulosus 


Stanleya  pinnata  (6,7,19) 
S,  albescens 


Astragalus  haydenianus  (6, 
A.  racerosus  (10) 
flaws 

confertif  lorus  (6,7) 
A.  moencoppensis  (7; 
A.  toanus  (6) 
preussi 

preussi  var.   latus  (5,6) 
pattersonii  (6) 
praelongus  (5,6) 
sabulosus 
eastwoodae  (6) 
A.  argillosus 
A.  asclepiadcides  (7) 


•-!\ 

1 1 


A. 


A. 
ii  • 
A. 
A. 
A. 
A. 


Stanlei^a  pinr-ata  (6,7) 
S.  bipinnata 
S.  albescens 

Xlycrrhiza  parryi 
X.  venusta  {6,7) 


Xlyorrhiza  parryi 

X.  Venusta  (7)  ^  ' 

X.  glabriuscula  (6)- 

*Species  listed  without  hujnbers  are  reported  by  Beath,  Gilbert  and  Eppson 
(5,6,7)  to  be  seleniferous  in  one  or  m.ore  of  the  v/estern  states  but  no 
analyses  are  given     for  the  states  in  question.     The  botanical  keys  of 
Coulter  and  Nelson;  Vvooton  and  Standley;  Tidestrom;  Tidestrom  and  Kittrell; 
Kearnej^  and  Peebles;  and  Jones  have  been  consulted  to  determine  the  range 
by  states  of  these  seleniferous  plants  for  which  specific  data  are  not 
available. 
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Investlge  ;o'"S  are  manimous  that  cor.-^-er^.er  plants  may  be  high  in 
selenium  althouf  i  the  soil  may  cO  ii-.ain  es  I'-^tle  as  1  p. p.m.  of  selenium. 
Byers  (9)  repor  ed  that  /stragalus  racemosus  shows  a  range  of  ratios  of 
selenium  in  the  plant  to  that  In  the  surface  soil  varying  from  2,500 
to  30 •     Astraga  us  pectinatus,  narrow  lesf  milk  vetch,  sho-'.'S  ratios 
from  1,550  to  5. 

The  converter  plants  are  able  to  tahe  up  large  quantities  of 
selenium  from,  raw  shales.     I^ight  and  Boath  (17)  reported  that  non-toxic 
seleniferous  Steele  shale  was  converted  to  toxic  condition  in  less  than 
3  years  by  gr  c'ln^;  from  seeds  some  of  the  native  seleniferous  weeds 
such  as  Astragalus  and  Oonopsis. 

Plants  growing  close  to  corvr^rter  or  primary  selenium  indicator 
plants  often  contain  much  higher  amoimts  of  selenium.    Native  grasses, 
mostly  western  wheat  grass,  gro-^iVing  close  to  a  clump  of  Astragalus 
bisulcatus  contained  70  p.p.-m,  of  selenium  (17).    "The  same  species  some 
distance  away  was  fouiid  to  00^1  tain  only  11  p.o.m..  of  selenium.  Moxon, 
Olson 'and  Searj.ght  (21)  re  inrted  that  plants  grooving  vdthin  a  large 
patch  of  Aster  r..L.  1  c,i fiorus  vere  found  to  have  a  much  larger  content  of 
selenium  than  those  taken  from,  the  nearby  area  where  there  v;ere  no 
asters . 

■  • 

The  second,  group  of  plants  corsists  of  those  species  v/hich  are 
capable  of  absorbing  selenium  in  toxic  quar.tities  when  growing  on 
seleniferous  soils.     They  differ  from,  the  first  group  in  that  they  are 
found  abundantly  on  non-se  leniferous  soils  and  are,  there-'^ore,  net 
indicators  of  selenium,     Miller  and  Byers  ( I9)   list  vvhite  v;reath ,  aster , 
blue  aster,  turpentine  xveed  (snakeweed),  sunflower,  vvrestern  wheat  grass, 
wheat,  rye,  barley  and  corn  as  belonging  to  the  second  group.  Beath, 
Epi:sori  and  Gilbert  (5>7)   list  certain  species  of  Aster,  Atriplex, 
Jrindelia,  Fa chaeranthera ,  Sideranthus,  Mentzelia,  Pentstem.on,  Gutierrezia, 
Castilleja,  etc.     In  this  group  it  is  difficult  to  distinguish  between 
those  that  can  absorb  selenium,  from  its  nrturally  occurring  source  and 
those  that  must  depend  upon  its  being  made  available  to  them.  Of 
special  interest  are  the  Asters  since  A,  commutatis,  A.  adscendens, 
A.  glaucus  and  A.  ericoides  are  capable  of  absorbing  toxic  quantities 
of  selenium.     The  seleniferous  asters  on  some  ranges  occixr'  in  dense 
growth  and  m.arkedly  affect  the  assci-iated  palatable     forages,  Atriplex 
canescens  has  been  found  to  be  a  dependable  absorber  of  selenium  on 
soils  of  Pierre  and  Niobrara  origin  (5)*     On  the  other  hand  6  out  of  8 
analyses  of  Atriplex  canescens  -  growing  on  soils  froiri  the  I'orrison, 
Fancos,  Niobrara  and  Pierre  formations  in  Colorado  contained  from.  0  to 
6  p. p.m.  of  selenium  (6).     Moxon,  Olson  and  Searight  (21)  working  in 
South  Dakota  concluded  that  western  wheat  grass  was  apparently  the  most 
highly  seleniferous  of  the  important  grasses  in  that  state  (Table  7) • 

'^he  third  group  of  plants  consists  of  those  species  which  absorb 
selenium  only  in  sm;-  11  quantities  vvhen  growdng  on  seleniferous  soil  and 
which  have  a  very  limited  tolerance  of  seleniv;m  (10).     In  consequence 
they  either  do  not  appear  on  seleniferous  soils  or  have  but  poor  growth. 
The  most  notable  examples  of  this  group  are  buffalo  grass  and  grama 
grasses,  Bouteloua  gracilis  and  5.   curtipendula  (19). 


Table  7.  -  A  Comparison  of  the  Selenium  Con 

"ent 

of  '^ome 

Grass 

es  Common 

to  ':ie 

sterr  South  Dakota 

Si 

lenium. 

con ten 

t  of  plants 

- 

■  Mo. 

of 

(dry 

oasis ) 

At, 

analyses 

p.  p.m. 

for 

Common  l^'''ame 

Sciertific  Fane 

repor 

ted  Earge 

i;--9rage 

speci 

lYe stern  Y'lhe&t  grass 

Agropyron  smithii* 

75 

0.0- 

■8i4.0 

12, 11 

I'Testern  v>rheat  grass 

Agropyron  smithii** 

20 

0.0- 

6o.o 

15.15 

-1-1   ]  y 
II.I46 

Y.esteri-.  v;Leat  grass 

Ag-rcpyron  smithii*** 

Uo 

1.0- 

50.0 

B.iiO 

Buffalo  grass 

Bucnloe  daet^/loides* 

5 

0.0- 

-  c 

-  •  y 

0.17 

Buffalo  grass 

Buchloe  dactyloides** 

^ 

■vJ  •  0 

1,2.0 

7.33 

2.  65 

Buffalo  gre-ss 

'^uchloe  dactyloi  ies*** 

1 

1.00 

Blue  grama 

Bouteloua  gracilis* 

8 

0..0- 

3.6 

l.ijO 

Sid?  oat  grana 

Bo'uteloua  curtipenduia* 

9 

0.0- 

32.0 

O  *    J  —  _1_ 

cSxde  oat  grama 

Bouteloua  curtipenduli**  8 

1.0- 

8.0 

2.  (5 

3.57 

ITeedlegrass 

Stipe  sp.* 

0.0- 

2.0 

l.Cl 

Feedlegrasa  . 

Stipa  sp,** 

pp 

0.5- 

Lo.o 

6.70 

5.61 

Needlegrass 

Stioa  sp.*** 

21). 

1.0- 

10.0 

5.17 

Little  blue  stem 

Andropogon  scoparius 

Michx . ** 

51 

0.0- 

2.0 

0.75 

Little  bluestem 

Andropogon  scoparius 

Michx , *** 

25 

0.0- 

6.0 

2.12 

1.10 

*    Data  from  this  laboratory  (21) 
**  Data  from  Byers  (8) 
***Data  from  Byers  (9) 

Stage  of  Growth 


Moxon,  Olson  and  Searight  (21)  reported  that  the  amount  of  selenium 
on  a  dry  weight  b&sis  in  western  wheat  grass  declined  as  maturity  ap- 
proached."The  highest  values  occurred  during  the  early  stages  of  growth 
in  May.     Olson,  Jornlin  and  Moxon  (2i_i)  reported  a  rapid  decrease  in 
selenium  content  after  rnsturity  of  western  v.'heat  grass  c'».'ing  to  the  com- 
bined effects  of  leaching,  voiatilizatiori  and  the    shedding  of  seeds 
high  in  selenium.     The  selenium  content  of  Aster  multificrus  tended  to 
decrease  throughout  the  period  of  grovrbh  on  a  dry  weight  oasis  except 
when  it  matured  it  increased  sli?,htly  (21).     The  selenir..:.  content  of 
Grindelia  sauarrosa  •  increases  in  later  sta'^es  of  growth  whereas  that  of 
sweet  clover  increases  until  the  blooming  stage  and  then  it  decreases. 
Yiiheat  apparently  decreases  in  selenium  content  at  later  stages  of  growth 
on  a  dry  weight  basis  whereas  that  of  oats  incr-iases.     The  selenium 
content  of  barley  remains  fairly  constant. 

Beath,  Eppson  and  Gilbei't  (li^   state  that  vroody  aster  and  Aster 
commutatis  had  the  highest  seleniuin  content  in  the  initial  stages  of 
grovrth.     Astragalus  pectinatus  and  Oonopsis  condensata  had  the  highest 
content  during  full  bloom. 
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During  the  late  fall  Astrt-galus  br'.sulcstus  ard  releted  Astrogali 
produce  regrowth  (I).     Fresh  samples  ox  Astragalus  bisulcatus  analyzed: 

Old  stems  235  p.p.m.  o:'  selenium 

Pegrov.'th  8,000  p. p.m.  of  seleniujn 

Koots  600  p. p.m.  of  selenium 

There  are  appreciable  differences  in  the  seleniujn  content  of 
different  parts  of  the  plant.    A  collection  made  of  Astrae^alus  pectinatus, 
when  the  pods  vrere  beginning  to  disperse, and  air  dried  analyzed  (L)  : 

Pods  12L  D.p.m.   of  sr-l<jriium 

Leaves  and  stem  260  p. p.m.  of  selenium 

Seeds  ?j250  p.  p.m.  of  selenium. 

Drying  of  Samples 


The  loss  of  seleniim  from  certain  range  plants  from  the  tim.3 
collected  until  air  dried  m.ay  be  as  much  as  66  percent  (1;).     Usually  the 
early  succulent  plants  show  a  gr'^ater  loss  of  selenium  upon  drying  than 
the  mature  fibrous  plants.     In  contrast  to  selenifercus  ranee  plants, 
selenium  in  wheat,   oats,  b'rley,  grasses  and  vegetables  aoes  not  vlati- 
lize  upon  drying.    .    ,    .  ■ 

Selenif^rov.s  Droopings  •  .  • 


Another  way  in  which  native  grasses  and  range  forages  may  be 
influenced  in  their     selenium  intake  is  through  the  fertilizing  effect 
of  selenifercus  droppings  from  cattle,  sheep  and  horses  ( 1?) •  Feces 
from  experimental  anim.s.ls  and  from  samples  taken  from,  the  ranges  show 
that  a  considerable  amount  of  .seleniiom  is  excreted  in  this  manner. 
The  elimination  of  selenium  through  the  feces  has  been  found  to  con- 
tinue at  least  two  months  after  experimental  cattle  were  taken  from  a 
selcniferous  ranre  and  plt.ced  on  non-toxic  feed. 


TOXIC  qUAT^TTITIES  OF  SELgTIL^ 

Soils 


Beath  (l)  states  that  the  minimum  amount  of  sele,  "^um  which  is 
dangerous  in  soils  has  not  been  determined.     It  may  be  said,  however, 
that  usually  a  soil  containing  one  or  m.ore  p. p.m..  of  available  selenium 
is  capable  of  suppo:t;ing  seleniferous  grasses  and  grains^. ^    Byers  (8) 
reports  that  any  soil  containing  upwards  of  0.5  p.p.m.  of  seleniixm  is 
dangerous.     f-ile  and  Lakin  (13)  found  that  millet  rrown  in  one  gallon 
pots  was  distinctly  injured  by  1.5  P»P.m.   of  selenium  as  soc.ium.  selenate. 
This  amount  might  be  expressed  as  3  pounds  per  acre  furrow  slice. 

Plants 


Forced  feeding  trials  demonstrated  that  50  ounces  of  green, 
selenium  free.  Astragalus  bisulcatus  (blooming)  per  hundred  weight  of 
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sheep  failed  tc  seriously  affect  ths    animal  ''2).     In  contrast,  25  our^ces 
of  the  same  plant,     cf  ths  same  stage  of  g:rowth  per  himdred  weight  of 
sVieep  but  containing  selenium,   prciucad  death  within  a  few  hours. 

Knight  and  Beath  ( 1?)  reported  that  there  is  apparently  a  Vvdde 
variation  in  the  amount  of  selenium  that  produces  lethal  effects.  In 
areas  vrhere  salt  tushes  and  vdnter  fat-are  toxic  because  of  their 
seleniierous  character,  livestock  losses  are  severe  at  times.  These 
plants  are  dangerous  throughout  the  vv-inter  months.     On  the  other  hand, 
horses  grazed  a  v/inter  range  of  seleniferous  vvinter  fat  vdthcut  exr.ib- 
iting  ill  effects.     In  February  a  composite  sample  of  the  excreta  carried 
11.6  p. p.m.   01  selenium.     Sheep  have  been  fed  naturally  occurring  v/inter 
fat  containing  30  p. p.m.  of  selenium  for  a  period  cf  3  months  vd.thcut 
any  noticeably  ill  effects.     The  daily  feedings  of  seleniferous  vvinter 
fat  constituted  about  3^  percent  cf  the  diet.     Byers  (S)  states  that 
vegetation  containing  5  P.p.in.  of  selenium  is  potentially  dangerous.  He 
concludes  that  in  ger^ral  a  lethal  dose  of  selenium  as  it  occurs  in  green 
vegetation  is  of  the  order  of  magnitude  of  2  tc  L  mg.  per  anim.al  pcijmd, 
for  certain  large  animals. 

Cereals  and  forage  grcwn  upon  shales  and  soils  of  the  Morrison 
formation  in  TYyoming  are  capable  of  producing  alkali  disease  in  live-  - 
stock  although  the  selenium  content  seldom  exceeds  3  p. p.m.  (17)»  Other 
elements  such  as  molybdenum  may  be  involved.     In  a  carefully  controlled 
experiment  for  2  winters  (23^-,  steers  were  fed  western  whe^-t  grass  hay 
containing  from  2,0  to  U.2  p. p.m.  of  selenium,  and  alfalfa  containing 
5.6  p. p.m.  of  selenium.     The  only  lot  of  steers  which  gained  during  the 
winter  months  was  ^iven  arsenic  salt..    During,  the  rest,  of  the  year  the 
animals  were  grazed  on  a  seleniferous  wheat  grass  rarge.     In  one  pasture 
averaging  L  p. p.m..  of  selenium  in  vjheat  grass,  all  of  the  steers  developed 
cracked  hoofs  which  is  typical  of  alkali  disease.     Knight  and  Eeath  (.17) 
state  that  cattle  can  tolerate  for  a  period  of  at  least  six  months  toxic 
Tiheat  grass  hay  carrying  an  average  selenium  content  of  15  P. p.m.  One 
may  conclude  from  a  review  of  the    literature  that  numerous  factors  affect 
the  toxicity  of  seleriijm. 

REMEDIAL  JflASITES 


Determination  of  Se lenif er ou.s  hreas 


Through  the  use  of  geclceic      naps,  plant  indicators  and  local 
history,     the  general  loc&oicn  of  many  seleniferous  areas  is  roughly 
kno^ATL.     ''.lithin  these  areas  there  may  be  sizeable  areas  which  are  rela- 
tively free  of  selenium. 

The  exact  location  of  seleniferous  soils  capable  cf  producing 
toxic  vegetation  could  be  determined  by  taking  soil  samples  for  selenium, 
analyses  while  m.aking  detailed  soil  conservation  surveys  supplemented  by 
ths  odor  and  selenium  analyses  of  the  vegetation. 


-  16  - 


B^-ers  et  al.   (10)  sho"".wd  th-.^  in  southeasteiT.  Colorado,  the 
veffetation  was  highly  se;lenift.rov.^  ^'n  the  ^Jiobr&ra  formtion  -Ahcreas 
thsre  was  very  little  seloniv.m  in  vsg.etetior:  in  an  edjacert  area  of 
Fort  Union  formation.    Moxon,  Olson  and  o-- aright  (21)  state  that 
instances  were  encountered  during  field  work  wh'^re  fencing  off  two  or 
three  acres  on  a  farrr:  vculd  eliminate  tho  sources  of  considerable  live- 
stock trouble.     In  othrr  cases,   it  v/ould  of  course,  require  the  with- 
dravi/al  of  larger  areas  from  the  production  of  livestock  feed.  Frohacly 
the  most  cffecti""'e  control  measure  f  or  application  in  ths  most  toxic 
areas  wculd  bt  detailed  maDDinq;  of  se ler.iferous  formations  and  seleni- 
ferous  soils  on  individual  farms  and  ranches.     Beath  (l)   is  of  t'hc 
opinion  that  there  is  no  substitute  f oi   an  analysis  of  the  plants 
themselves , 

It  should  be  pointed  out  thet  except  for  the  occurrence  of 
indicator  plants  and  in  some  instances  a  noxious  odor,  seleniferous 
areas  cannot  be  determired  in  the    field.     Since  it  is  impoitant  to 
determine  as  little  as  0.5  p  p.m.  of  soluble  selenium  in  the  soil, 
tests  for  selenium  require  good  laboratorj'-  apparatus  and  technique. 
A  reviev;  of  the  irethods  for  determining  seleniuji.  has  be?n  presented  by 
Klein  (l6)-.    N-one  of  the  methods  appear  to  be  of  promise  for  field 
determinati ors .     Therefore,  in  order  to  prove  that  a  soil  is  not  a 
potential  source  of  selenium,   laboratory  analyses  for  both  selenium 
and  v/ater  soluble  selenium  should  be  made  for  the     effective  depth  of 
rooting. 

Time  of  Grazing 

Since  grasses  and  other  plants  often  lose  appreciable  quantities 
of  selenium  upon  drying,  the  deferred  use  of  such  areas  for  late  fall 
and  \'anter  grazing  deserves  consideration.     Such  pastures  might  coin- 
cide with  moderately  seleniferous  areas. 

Eradication 


The  eradication  of  selenium  converter  plants  deserves  careful 
consideration.     In  some  cases  it  may  be  practical  by  pulling  up  the 
plants  and  burning.     In  more  extensive  areas,  rarge  management  may  be 
the  key  to  the  problem. 

Reduction  of  Stocking 

Although  reduction  in  stocking  is  sometimes  hel::ful  in  reducing 
selenium  injury,  understocking  as  a  single  remedial  measure  appears 
questionable  in  the  stud;-^  made  by  Moxon,  Rhian,  Anderson  and  Olson  (23). 
Steers  in  the  one-half  norm.al  grazing  capacity  pasture  gained  only 
nine  pounds  more  per  month  for  a  period  of  3  summers  than  those  in  the 
normal  grazing  capacity  pasture.     Steers  in  both  pastures  developed 
symptoms  of  alkali  disease.     It  is  apparent  that  reduction  in  grazing 
capacity  is  not  a  complete  ansvrer.     Beath,  Sppson  and  Gilbert  (3)  report 
that  in  Y/yoming  the  critical  death  loss  period  develops  at  the  time 


17  - 


cattle  and  sheep  are  bein?  trailed  ar^".  concentri  '-ed  from  suiiuner.  ranges 
to  winter  headquarters.     It  has  beer  observed  repeatedly  that  some 
cattle  Twill  seek  out  the  two  grooved  milk  vetch  (Astragalus  bisulcatus) 
in  preference  to  cut-over  native    meadows  and  alfalfa  during  the  first 
few  days  of  the  adjustment  period.     This  particular  grazing  preference 
for  a  limited  time  indicates  a  depravity  for  seme  particular  element 
held  by  the  vetch. 

Arsenic 


Koxon,  Ehian,  Anderson  and  Olson  (25)  carried  out  an  irvesti- 
gition  concerning  the  grovrth  of  steers  on  sc- lenif  erous  range,     A  ranch 
in  Lymi-  r  Covnty ,  South  Dakota  was  selected  which  was  known  to  .produce 
numerous  casos  of  alkali  disease.     In  1939j  20  yearling  steers  were 
purchased  locslly  from  nearby  s' lenif ;,rous  ranches;  20  yearling,  steers 
were  purchased  from  a  non-seleniferous  area  in  the  eastern  part  of  the 
state.     Five  steers  from  each  source  were  placed  in  separate  pastures 
(Table  8). 

Table  8.  -  Average  gain  of  steers  during  summer  by  lots. 

_____ 

Lot  Acres        initial        6/21-9/21  5/21 -9/21  5/2I-9/21 


per  head 

weight 

Ave ra  re 

gain  per  lot 

in  pounds 

I 

10 

h77 

96 

190 

161 

II 

30 

L76 

109 

206 

235 

III 

20 

ii75 

97 

182 

"  ■  180 

IV 

20  and 

176 

109 

167 

226 

arsenic  salt 


Lot  IV  received  salt  containinr  arsenic.     From  Jure  to  September 
1959»  salt  contaihing  5  p.P.in.  cf  arsenic  was  provided,   from  Septemoer 
1939  to  July  I9L0  the  salt  contained  10  p.  p.m..   of  arsenic  and  after 
that  25  p. p.m.  of  arsenic.     (in  preparing  the  salt  mixture,  1»83.  grams 
of  sodium  arsenite  and  approximately  23  grams  of  salt  W'^re.grouhd  iri  a 
mortar  to  secure  intimate  m.ixing.     This  salt  and  arsenic  mixture  and  . 
100  pounds    of  loose  stock  salt  were  then  mixed  thoroughly  in  a  small 
concrete  mixer.) 

In  September  19i-'0,   two  steers  from  each  lot  were  sold.     They  were 
replaced  with  heifers  to  begin  a  study  of  the  effects  of  selenium  on 
reproduction.     The  remaining  steers  were  left  in  the  original  lots  until 
spring.     In  July  19U^ ,   10  more  heifers  were  put  in  the  lots,  five  in 
lot  III  ard  five  in  lot  IV.     Two  steers  from,  lot  II  ard  cne  from  lot  IV 
were  put  in  lot  I  and'  one  from  lot  III  and  tv/o  fromi  lot  IV  were  put  in 
lot  III.      ••  ■■  '■  ■ 

A  study  of  Table  8  shows  that  during  the  sumjner  season  the  steers 
in  the  undergrazed  pasture  II  and  normal  pasture  v.dth  arsenic  salt  made 
the  best  gains.     On  the  other  hand,  bssed  on  the  weight  of  the  steers 
which  were  sold  in  September  19l-'l5   lot  IV  made  the  best  gains  (Table  9)  • 


-  16  - 


Table  9.  -  Aver&f-a  iveifhc  and  scles  pric'S  cf  steers,  September  19ljl. 


Lot 

V>'eight 

•i^  per  cvrt. 

Tctal  v&  lue 

selerium 

I 

10Li3.9 

6.65 

90.53 

L.07 

II 

1020 . 5 

8.70 

58.69 

12.61 

III 

P. 65 

&5.ii2 

1^-09 

IV 

1165.0 

6. 95 

lOlj .  16 

7.92 

6.15 

5.11 


5.&9 


a. 
b. 


Cno  st.^er  had  a  lump  jaw  and  vrcighed  165  pounds  If.ss  thai':  average, 
i.vcrage  seleniu'n  content  '?.p.ni.  of  Agropyron  smithii  for  19iiO  and 
I9I-1I  in  respective  columns 


A  further  study  of  the  data  shovs  that  the  steers  from  lot  IV 
maintained  their  weight  during  tho  "inter  of  IQJ-O-Ijl  much  better  than 
those  from  othe:    lots.     Durirg  th-;  v.dnters  the  steers  vvere  in  a  pasture 
near  the  barn  and  were  fed  20  cons  of  western  v/heat  grass  hay  containing 
from  2.0  to  lj.2  p^p.m.  of  selenium  and  10  tons  of  alfalfa  containing 
5.6  p. p.m.  of  selenium. 

Analyses  of  tho  seleniuia  content  of  the  organs  of  the  steers 
were  made  at  the  end  cf  the  period  when  the  steers  were  sold  in  KJ4O. 
'^he  average  selenium  content  of  the  meat  vras  .'^  p. p.m.  '.-/hereas  the 
selenium  content  of  the  meat  of  the  steers  sold  in  19i-'l5  averaged 
3  p. p.m.     Similar  increases  in  selenium  content  were  noted  in  the  kidney 
liver,  spleen  ard  blood.     Hov.ever,  lot  IV  which  received  the  arsenic 
salt  had  a  much  lov/er  seleniimi  content  in  the  blood,  particularly  those 
viiiich  vrere  sold  in  September  I9i-|l.     The  selenium  content  of  the  other 
organs  and     the  meat  did  not  appear  to  be  significantly  affected  by 
the  addition  of  arsenic. 

Careful  observations  of  the  sjrniptom.s  of  selenium  poisoning  were 
made  and  recorded  at  several  di.fferent  times  duri,ng  tV.e  course  of  the 
experiment.     The  s^^.ptoms  apoeared  each  summer  or  'fall  cbcut  the  ti^ne 
the  grass  began  to  dr;,   up  as  a  result  of  hot  dry  v;inQS.     The  first 
noticeable  symptom  was  lameness  or  stiffness  of  the  forelegs.  This 
was  followed  in  a  few  weeks  by  cracking  of  the  hoofs  et  the  growing 
point.    New  grovth    o:  hoofs  started  and  eve-ntuall^  th  ^  old  hoof  became 
detached.     By  the  end  of  the  i".inter  most  ct  the  sj^mptcms  had  disap- 
peared and  by  spring  the  steers  were  thin  but  in  good  cordition  other- 
wise,   A  record  of  the  incidence  of  symptoms  indicated  that  during  1939 
and  as  late  as  September  1,   I9U0  certain  steers  in  all  four  lots  had 
cracked  hoofs.     Thereafter  in  I9L0  and  in  I9LI  no  animals  were  found 
vdth  cracked  hoofs  in  lot  IV  although  one  or  mor^  steers  had  cracked 
hoofs  in  the  other  lots.     Therefore  the  addition  of  sroonic  to  the 
stock  salt  prevented  the  occurrence  of  symp-^oms  aesociated  with  alkali 
disease.     Moxon  and  Olson  stated  in  the  I9I-1O  annual  report  of  the 
South  Dakota  Agricultural  Experiment  Station  that  aposrertly  naturally 
occurring  arsenic  is  of  little  benefit  in  counteracting  selenium 
pois  oning. 

Linseed  Meal 


From  feeding  rations  of  high,  normal  and  low  protein  content  it 


W8.S  concluded  by  So'.j.th  Dakota  vorkers  (22'.  th&t  selenium  poisoning  was 
less  severe  on  the    ration  with  a  high  protein  contf-.it  with  certain 
animals.     In  experiments  with  rats  and  dogs,  linseed  meal  gave  good 
protection  from  a  ration  containing  10  p. p.m.  of  sele:  ium. 

Later,  Moxon  (20),  made  a  progress  report  pertaining  to  feeding 
linseed  meal  to  beef  cattle  on  a  selenifercus  ranch  in  Soutn  Dt'cots. . 
Tv.'enty  head  of  young  beef  cov:s  were  divided  into  two  lots.     Lot  I  received 
one  poijind  of  linseed  meal  per  head  daily  the  year  around  in  addition  to 
sujmner  and  mnter  range  and  supplemental  fseding  of  hay.  during  the  v/inter. 
Lot  II  served  as  a  check  lot  and  had  the  same  treatment  as  Lot  I  but  did 
not  receive  linseed  meal.     For  the     period  January  19l'.l        September  19i-:3 
the  linseed  meal  lot  gained  slightly  more  than  the  check  lot  but  the 
difference  is  not  statistically  significant.     Moxon  states  that  three 
years  results  will  be  desirable  before  definite  conclusions  are  made 
regarding  the  value  of  linseed  meal  for  cattle  in  selenifercus  areas, 

Eange  Reseeding 


A  soil  analysis  of  total  and  v/ater  soluble  selenium  should  be  Fiade 
in  area.s  proposed  fcr  range  reseeding  that  are  knov,Ti  to  be  underlain 
selenifercus  geological  formations  (Table  1).     If  more  than  !■  c,p,m,  of 
water  soluble  selenium  occurs  -v.dthin  the  effective  depth  of  rooting,  the 
use  of  species  such  as  Agropjrron  smithii  and  Atriplex  canescens  is 
questionable.     The  former  was  found  to  be  relatively  m.cre  selenifercus 
than  other  important  grasses  in  South  Dakota.     The  latter  has  caused  ■ 
severe  losses  of  livestock  although  there  are  certain  conditions  when 
it  does  not.     Galleta  grass  has  been  observed  to  cause  poisoning  by 
selsnium  in  certain  local  areas  in  the  region. 

Temporary  Pastures 

Th*^  use  of  small  grains  for  temporary  pasture  on  selenifercus  soils 
may  be  dangerous.     '.heat,  barley  and  oats 'Can  accumulate     selenium  in 
toxic  quantities;  permanent  injury  to  internal  organs  of  livestock  can 
occur  in  a  few  weeks  due  to  selenium. 

Stock  -'^'ater  Facilities  '  ■ 

Stock  water  ponds  or  tanks  should  be  located  so  as  to  avoid  the 
areas  producing  appreciable  quantities  of  toxic  selenifeicus  vegetation. 
Although  data  are  lacking,  it  would  appear  lc.^ical  that  flash  flows 
from  areas  con taining .  pr ixaary  selenium  indicator  plants  would  contain 
appreciable  quantities  of  selenium  from,  these  plants  and  organic  residues. 
The  location  of  wells  and  other  stock  v'ater  facilities  so  as  to  avoid 
overgrazinfT  selenifercus  areas  deserves  consideration. 

Irrigation 


Large  quantities  of  selenivun  may  be  leached  out  of  soils  by 
irrigation  water.     Pyers  et  al,   (10)  state  that  irrigati cj.   .:rcvides  a 
remedy  for  selenifercus  soils  wherever  it  can  be  practiced  if  adequate 
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underdrainage  is  prcvided,     Qn  the  other  hand,   the  use  of  irrigation 
"water  high  in  selenium  has  produced  ssleniferous  crops  in  the  Irapuato 
area,  Mexico  (27).     In  this  area  irrigation -as  practiced  is  not  a 
remedial  measure  partly  because  the  section  is  semi-hjamid  and  there- 
fore does  not  require  continuous  irrigation  ard  partly  because  of  the 
presence  of  selenium  in  the  vrater. 

Sulphur 


'As  previously  pointed  out,  the  use  of  either  sulphur  or  gypsuii 
is  not  practical  on  naturally  seleniferous  soils. 

-  c  0  o  - 
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